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What is a Solar Eclipse? Greatest Eclipse 

A solar eclipse happens when the Moon, as it Time Location 

orbits Earth, fully or partially blocks the light of 10:17 a.m. PDT Lincoln Beach, OR 
the Sun, thus casting its shadow on Earth. Depoe Bay, OR 


Observers within the path of totality can expect 11:26 a.m. MDT Lime, ID 


to see something like the image below. bservers 1:19 p.m.CDT Valley View, MO 
outside the path of totality will see the Sun partially Bloomsdale, MO 


eclipsed as a crescent Sun (with safe filters). 1:28 p.m.CDT Calistia, TN 
2:47 p.m. EDT  Bethera, SC 


Solar Eclipse 


©1999 by F. Espenak, MrExlipse.com 
©1999 by F. Espenak, MrExlipse.com 


If the Sun is scaled to about 10 cm (3.9 in), 
Earth would be about 10 meters away (33 feet). 


August 21, 2017 solar eclipse 


Duration of Greatest Eclipse: 
2 min 40 sec 
(18:25 UT=13:25 CDT or 1:25 p.m. CDT) 


Location Greatest Eclipse: 
36 deg 58 min N; 87 deg 40 min W 
(between Princeton and Hopkinsville, KY) 


Path Width: approximately 115 km 
Eclipse Predictions by Fred Espenak, GSFC, NASA-emeritus 


http://mail.colonial .net/~hkalter/index htm! 


Never look directly at the Sun unless you have filters that you know are safe. The NASA image above shows the Moon's umbral shadow 
For more information: http://eclipse/gsfc.nasa.gov/SEhelp/safety.html as seen from the International Space Station during the 
For more information about solar eclipses: http://eclipse.gsfc.nasa.gov/solar.html total solar eclipse on 29 March 2006. 


http://eclipsewise.com/solar a ae 
www.nesa.gov http://eclipse201 7.org/ Mitzi Adams ¢ mitzi.adams@nasa.gov * 256-961-7626 


Why study the Sune 


e The Sun is our nearest star: it is a class G2V main- 
sequence star. 


e The Sun is the single greatest influence on the Earth 
and all of its species. 


a Ol avoK=) svc) aleliayomdarem ialus)arcleraie)amel-iay\ct-lamdalsmele lam) ale 
Palen is imperative knowledge for civilization as we 
now it. 


e The physics that occurs within the Sun and solar 
atmosphere is the origin of the Earth — Sun relationship 


Earth — Sun relationship 


Image credit : NASA — https://www.nasa.gov/sites/default/files/525022main_faqi2_0.jpg 


What is the Sun made of? 


e Like all stars, the Sun is a giant ball of plasma 


e Plasma is an ionized state of mater, where electrons flow with little 
— to — none resistance, generating electric and magnetic fields 


e The Suns energy originates at the core — it is the product of 
nuclear fusion H and He into heavier elements. 
e Photons generated at the core of the Sun travel from the core, to 


the surface — this process is estimated to take 10s, or even 100s of 
1d alo lUk¥-] ale kom e) mV{=t-]6F 


The Sun is a HOT ball of gas, with an entangled mess of 
electric and magnetic fields! 


A beautiful mess! 


Image credit: NASA — https://www.nasa.gov/sites/default/files/thumbnails/image/faq2.jpg 


The Sun has layers... 


Bheclatjiiceys| 
Region 


Chromosphe 


Image credit: NASA — https://www.nasa.gov/mission_pages/iris/multimedia/layerzoo.html 
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Why is this? What causes this i 
Slow Solar Wind massive INCREASE in 
temperature?! CME front 
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Hinode/ SOT 


sie uviiem T= 6000 °C Sunspot 


S. K. Tiwari & S. L. Savage 


Active region loops 


e At the photosphere, plasma and magnetic fields 
olU] ee) (=m-]alem=lanl=1e:Xoeem Gallal q@eym ele)iliarcmy clued a 


¢ In some cases, active regions emerge 


e These are areas of intense magnetic fields that contain 
al=1aVVce) a. <me) im) Feats Mili t=remil(=1em llal=omer] |(=10 ml (ole) o)s 
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e In doing so, loops can become twisted, knotted, and 
Taltslaandlalsxem\aidamstcleameldalsie 


Active region loops 


Image credit: NASA/Solar Dynamics Observatory 
https://www.nasa.gov/content/coronal-loops-in-an-active-region-of-the-sun 


What “physics” are we interested 
Tamelalel=iacve-laleliarces 


e Eventually loops can end up in a highly stressed state 


aT AVAal=d alm aal=aae (opm Lele) okcmer-) t-ho1d ge) 0] aller] 1a e) a=t-] Geen ale males 
reform with other adjacent field lines, ending up ina 
reorganized, stable state 


¢ The potential energy stored in these loops is 
instantaneously released during this process... 


e We hypothesize that this type of mechanism is the main 
of] Okemo) im ©) -k) gal m al er- 1) als 


This is the physics we want to understand! 


BION VAsmcallal.@elmuersmsiele 
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Jie (tthe T= 6000 °C Sunspot 
S. K. Tiwari & S. L. Savage 
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e Temperature varies from 6000K on the photosphere to 1MK in the 
Xo] ge) ar-) 


e It is still very much a mystery as to why this occurs 


e Leading hypothesis suggest many small scale events contribute to 
dalicw elatalelaatciare 


MAY AVCeMcia ere han dal icm ©) at=vale)gal=lar-Marelmelal \Vmuem=>.40)r-llamualsxi= 
(0) okX=1avs- 1410) alcyun O10) mn kom o) gey-lo(-]a moll] am dale) (=le/X-me)mual= 
fundamental physics of plasma dynamics 
a Mal=laaat-)eclaremeclelidiiomalct-lameeclaciicis 
e Influence of strong magnetic fields on hot, low-density plasma 
e Magnetic reconnection 
e Wave dissipation 


Progress in the community? 


e There are several, well studied theoretical 
hypothesis about coronal heating — magnetic 
reconnection is our “favorite” 


e But observationally, we community is limited...the 
o}(oldUla-micmlaree) pale) (=n= 
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e Since the atmosphere of the Sun has different 
characteristic temperatures, each layer emits a 
different band of wavelengths 

e The hotter the temperature, the shorter the wavelength 


e Our studies required detailed, high-resolution 
observations at most of these wavelengths 


What is missing ? 


e We do not have complete spectral coverage at high (1 MK — 
7 MK) temperatures (X-ray band) 


e Moreover, there are limited instruments with ultra-high 
resolution to observe the solar atmosphere at fine scales 
(~100 km in length) 


I Malism um dalsmcvel(=) aldiarem aalelaavscnatelamelslalialemelere 
instruments! 


Sound Rocket Instruments at MSFC 
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Hi-C I (J. Cirtain, Pl) 

Flew from WSMR on July 11, 2012 ae IN 
Hi-C II (J. Cirtain, Pl) FUNDED 

Flew from WSMR on July 25, 2016 — In-flight anomaly PROPOSED 
Hi-C Il’ (A. Winebarger, Pl) 

Proposed launch Spring, 2018 


CLASP | (A. Winebarger, Pl) 

Launched from WSMIR on September 3, 2015 
CLASP II (D. McKenzie, Pl) 

Proposed launch Spring, 2019 


MaGIXS (A. Winebarger, Pl) 
Proposed launch Summer, 2018-19 


ESIS (A. Winebarger, Co-| & K. Kobayashi, Co-l) 
Proposed launch Summer, 2018 


High-resolution Coronal Imager (Hi-C) 
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Pointing stability necessary to achieve resolution goal. 
Vacuum pumping port \ 


Rocket Skin, 


Thermal Shield,  \ Sun Sensors 


LN2 Feedthrough 


Secondary Mirror Spider <_ 


Primary Mirror, 
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7X old hV(=08 pX 2124 (0) 0 lt ho 70) 
July 11, 2012 


24 publications for 5 minutes 
of data! 


Science highlights: 


Braided loops triggering 
energy release through 


fants 24al=14em acree)alal=reugte)a 
(Cirtain et al. 2013, Nature) 


Subflare triggers 

INEValeyit-laom aler-len als 

Loop sub-structure 

Moss dynamics 

elalelaalelecl melas 

Flows along filament threads 
MHD waves 


HI-C II 


Hi-C II(‘) will explore the important 

(© al cola ated) 0) al=) al om Gre) celar-] mee) alal-veud(olam oh 
targeting specific candidates likely to 
(Kol al dal olejn-mnemero) ce) ar-]mal=r-lal alse 


1. Type Il spicules 
2. Hot active region core loops 


Updates for re-flight: 


- Cooler bandpass centered on 173 
Angstroms 

- Significant improvement in camera 
quality (cameras for this instrument 
being developed concurrently for 
fold allem iacidaeiaat=lale-1dle)amy\Uals)a=m (ed) 
ate) Xom Sel ai alere] ) 
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Diffraction 
Reflective 


Slitjaw Camera Grating 
Polarizers 
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Telescope 
Reimaging 


Rotating Waveplate 
Mirrors 


Electronics 


Spectropolarimeter 


Ne 


Chromospheric Lyman-Alpha SpectroPolarimeter 
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the chromospheric thermal structure and 
magnetic field. 


Requires accurate calibration 
Requires advanced theoretical 
faakele(=)[lalcacelamlalesiaelacie-ld(ole 


Launched September 3, 2015 


=} Tr ZX TC 
a AZ IZA VA) Vig 


CLASP 


Chromospheric Lyman-Alpha SpectroPolarimeter 
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CLASP 


Chromospheric Lyman-Alpha SpectroPolarimeter 


Temporally averaged mUlaual=laxerclileleclake)atsyalancecialcechalelalcws] aoe axe [Ul actomm elelmdaleMialiete] 
E au T Q/I WA results are... 
8 @ (o) im oko) larch ale)amiamdalomilalcomr- lave, al 
29) pee the core. 
. | eat ¢ Aclear in the wing of Q/I. 
‘ e Small-scale structures along the slit. 
Se ¢ Q/I profile is essentially consistent with the model 
™ el c=fel fod (ol aR 
~ ” ¢ This Hanle effect is the only way to consistently measure 
2 @ the magnetic fields everywhere in the chromosphere. 
7 
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Chromospheric Lyman-Alpha SpectroPolarimeter 
XG C Proposed to fly in Spring 2019. 


CLASP 2 to change the wavelength to Mg II h&k, another set Observing target: QS 

of magnetically sensitive spectral lines in the UV at~ 280 nm. 2nd plage (if available) 
Need to explore multiple lines to determine which is best for r.2 ¥ 
routine measurements.... 
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This is what MaGIXS will “see!” 
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Slit Jaw 
Slit Interface 


System 
(Not Shown) Plate 
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e EFL = 1090 mm, A,= 960 mm, Seg. Len. = 125 mm 


Actual telescope Mirror (engineering unit) 
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e The spectrometer mirrors are a finite 
conjugate paraboloid pair 
e S§M1 focus is coincident with the slit, 
which collimates the beam en 
e SM2 reimages that collimated beam 
e This configuration reduces off-axis ak 
aberration, specifically astigmatism, om 
giving way to maintaining good ala at 
resolution off-axis Bela 
e These mirror are highly sensitive to 
alignment error 


Spectrometer Mirrors Single Pixel 


FWHM = 2.17 um 


7” of tilt 


Cae of | il ole 2 faalaae Ac= 685 mm2, Seg. Len. = 80 about centroid FWHM = 2.17 um 
mm 
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e The grating is a varied line space, 
blazed grating 
e The highly chirped line 
frequencies direct dispersed 
wavelengths over varying 
incident angles to fall at a 
(Xo) anvante)aum (oxer-1ule)ame)amaar= 
detector 
e The chirped line frequencies act 
as a lens, so alignment is critical 
e The line pattern is directly 
written on a silicon substrate 
using e-beam lithography 
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e The grating is a varied line space, 
blazed grating 
e The highly chirped line 
frequencies direct dispersed 
wavelengths over varying 
incident angles to fall at a 
(Xo) anvante)aum (oxer-1ule)ame)amaar= 
detector 
ae Nal=olalia ol-leMllal-maatele(-lalell=cw-lele 
as a lens, so alignment is critical 
e The line pattern is directly 
written on a silicon substrate 
using e-beam lithography 
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e The detector is developed at MSFC and has flight heritage from CLASP and Hi-C II 
Frame transfer CCD, which enables high-cadence observations 
AV(<) Van Co)Waele] a area a=)anem Gaal=)aeat-] males) 
~ 5 electrons read noise 
Stable gain of 2.0 e/DN 
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